Description
A 12 V sealed-beam or quartz-halogen automotive lamp is an ideal source of IR. Removal of shorter, visible wavelengths, is accomplished by placing a suitable filter in front of the lamp. Black perspex 962 (ICI Ltd: Sydney) is an opaque building material which acts as a near-perfect infra-red filter. Its spectral transmission characteristics ( Fig. 1) indicate that the material will greatly attenuate visible light while providing approximately 80% transmission in the 'near infra-red' wavelengths beyond 800 nm. It is relatively inexpensive and will tolerate prolonged heat exposure. The 3 mm thick perspex can be purchased in sheets measuring 2.0 x 2.5 m which will allow the construction of an IR floodlight of any practical size.
Poly Vinyl Chloride (PVC) water-pipe can be obtained in a variety of diameters and is a convenient light tight and weather proof material with which to work. Discs of 3 mm thick 962 perspex can be cut to fit into the recess in adapter inserts, which can be obtained for most PVC water-pipe. A light-tight seal can be produced by placing a bead of black silicon Fig. 1 . Spectral characteristics of ICI perspex number 962 as percentage transmission of radiation between 400 and 1000 nm. Over 80% of radiation is transmitted in the near infrared spectrum (> 800 nm) (Source: ICI Building Products technical data, Dandenong, Victoria.). sealant (Dow Corning or equivalent) around the circumference of the joins. In spite of the relatively good heat tolerance, the perspex will distort if lamps are positioned too close to it. As a general guide for bulbs rated up to 150 W, lamps should be spaced 1 mm away from the filter for every watt of power used. Construction of an effective 'baffle' ensures that reflected light is not transmitted from the rear of the unit while maintaining some degree of air flow around the lamp. A 3 mm thick disc of PVC and a water-pipe end-cap is an ideal baffle if they are each drilled with a symmetrical radial cross-pattern of 10 mm holes. Upon mounting in the housing these holes should be offset, so that light transmission is effectively blocked passed the second baffle. An internal coat of flat-black paint will also assist in reducing reflected light transmission (Fig. 2 ). 
DISCUSSION
Image intensifiers (often called 'night scopes') are devices which are commonly used to observe nocturnal and crepuscular animals in low light conditions (Modulux: Davin Optical, United Kingdom; Dark Invader: Meyers, USA). They are usually sensitive to radiation across a much greater bandwidth than visible light. If purchasing a image intensifier for exclusive IR observations it is necessary to ensure that the peak photocathode spectral response is close to this wavelength. Alternatively, charge-coupled device (CCD) cameras which use monolithic microelectronic light detectors in small and ruggedly constructed cameras (Pulnix or Mintron: Hadland Photonics, Clayton), are suited for many wildlife research applications. Many CCD camera units have good sensitivity (rated at <1 lux minimum illumination), and useful sensitivity extends into the near infra-red (Fig. 3) , making them particularly useful for short-range IR video observation systems. With appropriately constructed IR floodlights, they can be used to monitor the behaviour of both captive and free ranging animals. Researchers should consider if behavioural observations can be made more cost-effectively with CCD cameras and IR floodlights. They can be purchased at a lower price ($100 -$1,000) compared to expensive image-intensifier systems that frequently cost in excess of $10,000 for a high quality unit. Often, the quality of video images recorded with an inexpensive CCD camera and infra-red floodlight will be superior to that taken with an image-intensifier. Highly sensitive, 'third generation', photo-cathodes used in contemporary image-intensifiers produce large amounts of 'quantum noise' at low light levels which produces an image affected by 'snow'. In contrast, an image from a CCD camera coupled with an infra-red floodlight will produce an even image unaffected by snow. Moreover, CCD cameras are more robust than most image-intensifiers and will withstand accidental exposure to bright lights when operating without danger of damage occurring to the photo-cathode.
In some research applications it may be necessary to observe behaviour solely in infra-red illumination, while eliminating all visible components which may be present from other ambient light sources. This can be achieved by constructing a filter from ICI 962 perspex which fits over the lens of the CCD camera or imageintensifier. All wavelengths, apart from small amounts of the extreme visible red, will be eliminated and images can be said to have been produced from 'infra-red' filming only.
The ICI 962 perspex is a versatile building material which is capable of being used to construct a variety of laboratory cages and other enclosures. It is opaque to visible light, and is suited to housing nocturnal animals in bright external light. With a suitable IR light source, such enclosures will be "transparent" when viewed with an IR sensitive CCD camera. Hence, with a combination of animals held under these and diurnal conditions, it is possible to undertake simultaneous observations of diurnal and nocturnal behaviour in the same laboratory. This is an excellent means of obtaining field observations of animal behaviour inside nest boxes which have been made from 962 perspex.
The use of IR observation systems presents the researcher with a number of compromises. The chief advantage of using this technique is that it is undetectable to mammals. However under the monochromatic IR illumination, image contrast is reduced. For example, perception of individual coat colouration can be difficult and animals can often 'blend' into a background of some vegetation types which provide little or no image contrast. Fog and mist will severely reduce the effectiveness of any IR observation system. Airborne water particles absorb IR radiation beyond 900 nm (Wolken 1975) and penetration of even the lightest fog or mist is extremely poor. Offsetting the disadvantages is the tendency of IR to produce excellent 'eye-shine' in some animals. It is probable that the tapetum in nocturnal animals is highly reflective to IR light (Lythgoe 1979) . When using a Modulux Image Intensifier (Davin Optical LTD: United Kingdom) and 55 watt IR spotlight, foxes (Vulpes vulpes) can be easily identified by their eye-shine at distances in excess of 300 m. In addition, fox eye-shine will still be evident, although reduced in intensity, even if the fox's eye is orientated at more than 45 degrees to the observer. The rabbit (Oryctolagus cuniculus) displays a distinctive, but far less obvious eye-shine. It is far easier to detect rabbit eye-shine with this equipment than with a 150 watt spotlight and the naked eye. Surveys of rabbit populations in experimental compounds are easily undertaken with IR observation techniques, while visible light spotlights may agitate the observed animals and confuse counting.
